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(57) Presence or absence of methylation of C locat- 
ed on 5' side of G in a sample DNA comprising a target 
sequence containing a dinucleotide consisting of C that 
may be methylated and a nucleotide on the 3' side of 
the C (CpN dinucleotide) is determined based on a re- 
sult of hybridization performed for a plurality of capture 
oligonucleotides immobilized on a base material and in- 
cluding at least an oligonucleotide having a nucleotide 
sequence complimentary to or identical to a nucleotide 
sequence corresponding to the target sequence in 



which C other than C in the CpN dinucleotide is replaced 
with T and an oligonucleotide having a nucleotide se- 
quence complimentary to or identical to a nucleotide se- 
quence corresponding to the target sequence in which 
all of C's are replaced with Ts and the sample DNA in 
which cytosines not methylated are converted into 
uracils by deamination or an amplification product there- 
of. 
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S ^:™tTuM^Z XunvTr SUbStra * e melh ° d * "«*« —thy,- 

cause of Lase invited by ZSSj' J^SS ietSno" ZZT, TT'^ " ^ ,or e ' Udda,in 9 a 

Description of the Related Art 

(guanine) (henceforth referred to as "CpG i JSoS .S T t (Cy, ° Sme) PreSen ' °° ,he 5 ' side °» G 
regions of many genes, and .uch^t£2S£ SSS^ aTS^ 1^5^ T ^ 
CpG islands of autosome are qenerallv methviatpri mr J T L " ' ' 1992) Altnou 9 n most of these 

(Ng. H-H. et a... Curr. Opin GenToe T^M^?T^™ te, ' n ^^ r, ^ M ^ n ^« 
of P16 and P15, which are tumo suppressor g eSs a^m J^^T^ ^ ^ P™*^™ 
caused by inactivation or change of ZresL'Zu^JSlZVe" T^ZZZ I T is 

SngXr^ 

the expression so that a gene derived Z^^^l h k 96065 SUppr6SSion of e *P ressi ° n to suppress 
is change* there may bemused onsJuTf ^^rSJ^ZT Kt " *" ™* « "^i 0 " 

mathWati on pattern is important J^^ZSE^ pC^cSST ' " < 

ni,?Ame n r e c h h a n, S -■S^^STSS^ !? * J ~ «^ — <-a.ro. 
a treatment with sodium '^^^^^^"SSf " COnVerted im ° Urad ' even b * 

which on, methyfated cytosines are ^^S^^^ ^ ™ A * 

rnTds (I)"'",;) abuser hy ' a,6d ^ * ° NA *— «*■" «"««•. the flowing 

(1) Sequence analysis 

difficult to deal many specimens in the sequence analysis P ° nVen ' enl me ' h ° d ' M ° reover ' " is 

l Zl CS^JT^^ - - end o, primer 

requ.red in order to elucidate whether cytosines o, CpG l>s are n! !e^7ed S6Vera ' Pr ° CedUreS be 

(2) Methylation-specific PCR 
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mentioned T of the specimen DNA should be methylated. On the other hand, when amplification can be confirmed bv 

for elhTr fT 2 3 ' 6nd ' n iS C ° n,irmed that the Cy,0Sine should ^ methylated. Use ofthl p Sure 
for each CpG island enables mapping of methylated cytosines procedure 

EhJr ' hiS H Pr0 f Cedure however j| is pessary to prepare specific PGR primers for each CpG island That is at 
least three kmds of pnmers including two kinds of primers having G or A at 3' end of primers and a Primer to ih 
reverse .ect.on are required for each CpG. Therefore., for mapping of methylated cytosLs a CpG S 
eg.on : ,t ,s necessary to prepare an enormous number of PGR primers, perform PCR for an enonmous numbe of 
imes an d anal an enormous number of amplified PCR products by e.ec' ophoresis. F^^Z^ 

Us d ff" ,;ro2o a m V I " ,eC , hniqUe: PCR mUS ' be Perf ° rmed '° r an ines,imable ™*" °< a d Therefore 
it is difficult to perform such investigation by this technique. e'eiure 

Summary of the Invention 

l au^LT,° b>eC ! °' ? PrSSent inVen ' i0n iS 10 pr0vide a method ,or deteclin 9 methylation of C in DNA which enables 

ZLlT™ y 3ted Cy ' 0SineS in 3 lar9S nUmber 01 Si,es in a larae ^ of DNA samples or DNA sTa 

simpte and convenient manner tor example, in mapping o, me.hylated cytosines in a CpG rich region regfon and 

I°l 14] „ ,I he 7 e Tl S 01 Pr6SenI inVemi ° n assiduous| y in order to achieve the aforementioned object As 

20 IS PreS6nCe ° r abS6nCe °' melhy,a,i ° n ° f C in °P G Nucleotides can be quick^detecto in a 

simple and convenient manner by preparing a substrate on which an oligonucleotide having a nucleotide seouence 

^Z^^lT^^^^ — — ^ '° Lrge, sequence in' a sarnie DNA^n which 
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r»~ ~ » i „ » k „ ~, • ~ ^ ,. n w r »..«.My , w Q iaiyci sequence in a samp e UNA n wh ch 

Cs other than Cs ,n CpG ^nucleotides are replaced with Ts, and an oligonucleotide having a nucleotide seouence 
complimentary to or identical to a nuc.eo.ide sequence corresponding to the target sequence in whfch a! of Cs are 
replaced w„h Ts are immobilized and allowing hybridization of the oligonucleotides on tho sub Zato an h sampc 

invenir nme,hy,a,edCyt0SineSareTO 

[0015] That is, the present invention provides the followings. 

ilnrnr UCle0 |! d t irT1n : 0bi,i ' ed SUbS ' rale US6d ' 0r de,ectin 9 P resence or absen " of methylation of C in a 
sample DNA. on which multiple kinds of capture oligonucleotides are immobilized wherein 

a „H J ?TJ 6 DNA u con,ains a ,ar 9 el sequence containing a dinucleotide consisting of C that can be methvlated 
and a nucleot.de on the 3' side of the C (henceforth referred to as "CpN dinucleotide") methylated 

to or InZT ° li9 °™ C ' eotides include at an oligonucleotide having a nucleotide sequence complimentary 
to or denial to a nucleotide sequence corresponding to the targe, sequence in which Cs other than C in the CoN 

ZTZTonS Wi,h PS a " ° ,ia0nuC,eotide havi "9 a ""Cleotide sequence compiimenta^ to or idea 
I T enCe COrres P° ndin 9 10 ,he tar 9<* sequence in which all of Cs are replaced wrfh Ts and 

methy iTcTZ^ " "T^™ * *"*"*< bMed ° n h ^ idi — of the sample DNA in which non 
oXon^eoWes "* * " a " amp,ificat '° n produc * thereof and the capture 

(2) The o.igonucleotide-immobilized substrate according to (1), wherein the nucleotide on the 3" side of the C is 

2! III °' i i 9 ° nUCl , eO ! id . e " imm0bili2ed SUbS,ra ' e aCC ° rdin9 10 (2) wherein ,he nucleolide on the 3' side of the C is G 
(4) The ol.gonucteot.de-immob.l.zed substrate according to any one of (1 ) to ,3). wherein the capture oligon cS 
otides are immobilized via carbodiimide groups. ongonucie 

I h ' 0,i90nU ^° lid f " imm ° bili2ed SUbS,ra,e acCOrdin9 ,0 one of < 1 > ' 0 < 4 >- wherein the capture oligonuc.e- 
» The oS™TZ 35 d ° k ° n 9 baSe ma,edal - and eaCh d0t has an occu P ied *™ °< 0.1 cr£ or less 

ffiiS^r accordin9 10 any one of (1 > 10 {5) > wherein lhe cap,ure oli — 

g° nut =leotide-immobi.ized substrate according to any one of (1) to (6), wherein the sample DNA contains 
moXed 9 qUenCeS CaP ' Ure ° ,i90nUCleo,ides corresponding to each of the targe, sequences were im 

con^~ 

r,or*7y e kindS °! CaptUre oli 9on^leo.ides immobilized on a base material and including a. least an oliqonu- 
deo. de having a nucleotide sequence complimentary to or identical to a nucleotide sequence correspond ,o 
the arge, sequence in which Cs other than C in the CpN dinucleotide are replaced with Ts and an JKS 
1 IT h K 6 '.f ^ Com P )imen,a ^ 10 or ^en.ica. to a nucleotide sequence corresponding ,o the ta^ 
sequence ,n wh,ch all of Cs are replaced with Ts are hybridized with .he sample DNA in which non meth a.ed 
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C's have been converted into U's by anamination or an amplification product thereof, and 

the presence or absence of methylation is detected based on the result of the hybridization. 
(9) The method according to claim 8, wherein the non-methylated C's have been deaminated by treatment with 
sodium bisulfite. 

[0016] According to the present invention methylated cytosine and cytosine not methylated in DNA can be quickly 
distinguished in a simple and convenient manner. 

Preferred Embodiments of the Invention 

[0017] Hereafter the present invention will be explained in detail. 

[0018] The oligonucleotide-immobilized substrate of the present invention is used in order to detect presence or 
absence of methylation of C in a sample DNA. The sample DNA comprises a target sequence containing a dinucleotide 
consisting of C that can be methylated and a nucleotide on the 3" side of the C (CpN dinucleotide). The C that can be 
methylated usually refers to C present on the 5* side of G : however it also refers to C present on the 5' side of a 
nucleotide of A, G or T 5 when the C can be methylated. 

[0019] One target sequence or multiple target sequences may be present in the sample DNA. Further, one or more 
CpN dinucleotides may exist in one target sequence. 

[0020] As the nucleolide on the 3' side of C. A : G and T can be mentioned, and it is preferably G. 
[0021] The oligonucleotide-immobilized substrate comprises a base material and multiple kinds of capture oligonu- 
cleotides immobilized on the base material. The capture oligonucleotides include at least an oligonucleotide having a 
nucleotide sequence compta^ a nucleotide sequencecorresponding to the target sequence in 

which C's other than C's in CpN dinucleotides are replaced with Ts (henceforth also referred to as "C-specific oligo- 
nucleotide") and an oligonucleotide having a nucleotide sequence complimentary to or identical to a nucleotide se- 
quence corresponding to the target sequence in which all of C's are replaced with T's (henceforth also referred to as 
"T-specific oligonucleotide"). 

[0022] If such capture oligonucleotides as described above are allowed to hybridize with the sample DNA in which 
non-methylated cytosines are converted into uracils by deamination or an amplification product thereof, the C-specific 
oligonucleotide hybridizes to the target sequence, but the T-specific oligonucleotide does not hybridize thereto. That 
is, if C's in CpN dinucleotides are methylated, these C's are not converted into uracils, but C's other than C's in CpN 
dinucleotides are converted into uracils. On the other hand, if C's of CpN dinucleotides in the target sequence are not 
methylated, all of C's including those C's of CpN dinucleotides are converted into uracils. Therefore, the C-specific 
oligonucleotide does not hybridize to the target sequence, but the T-specific oligonucleotide hybridizes thereto. Thus, 
presence or absence of methylation of C's in CpN dinucleotides can be detected based on the result of the aforemen- 
tioned hybridization. 

[0023] Examples of a capture oligonucleotide in which CpN dinucleotide is CpG and a target sequence are shown 
in Fig. 1 SEQ ID NO: 5 shows a model of nucleotide sequence of sample DNA in which C's are not deaminated. SEQ 
ID NO: 6 shows a model of nucleotide sequence in which all of C's of the sample DNA are deaminated and thus, 
converted into uracils. This model represents DNA in which methylation of C does not occur. SEQ ID NO: 7 shows a 
model of nucleotide sequence in which C's of two CpG dinucleotides contained in the aforementioned sample DNA 
are conserved as they are and all of the other C's are converted into uracils. This model represents DNA in which Cs 
of CpG dinucleotides are methylated. 

[0024] SEQ ID NOS: 1 and 2 show capture oligonucleotides corresponding to the target sequence containing CpG 
dinucleotide on the 5' end side among two of the CpG dinucleotides. SEQ ID NO: 1 shows a C-specific oligonucleotide, 
and SEQ ID NO: 2 shows a T-specific oligonucleotide. SEQ ID NOS: 3 and 4 show capture oligonucleotides corre- 
sponding to the target sequence containing CpG dinucleotide on the 3* end side among two of the CpG dinucleotides. 
SEQ ID NO: 3 shows a C-specific oligonucleotide, and SEQ ID NO: 4 shows a T-specific oligonucleotide. The capture 
oligonucleotides of SEQ ID NOS: 1 and 3 and the capture oligonucleotides of SEQ ID NOS: 2 and 4 hybridize to 
complementary strands of DNA of SEQ ID NOS: 7 and 6. respectively. 

[0025] The sample DNA may be a single-stranded DNA or a double-stranded DNA. When the sample DNA is a 
single-stranded DNA, the capture oligonucleotides comprises an oligonucleotide having a nucleotide sequence com- 
plementary to a nucleotide sequence of target sequence in which C's other than C's of CpN dinucleotides are replaced 
with T's and an oligonucleotide having a nucleotide sequence complementary to a nucleotide sequence of target se- 
quence in which all of C's are replaced with Vs. When the sample DNA is a double-stranded DNA, the capture oligo- 
nucleotides comprises a strand containing a target sequence and a strand complementary thereto, and since CpN 
dinucleotides are symmetrically present in each strand, the capture oligonucleotides may be the same oligonucleotides 
as those in the case of single-stranded DNA or oligonucleotides having nucleotide sequences complementary thereto. 
[0026] Although sequence and length of the capture oligonucleotides are not particularly limited so long as difference 
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of one nucleotide can be detected by hybridization, the capture oligonucleotides usually have a length of preferably 
10- to 30-mer, more preferably 10- to 25-mer, particularly preferably 13- to 25-mer. 

[0027] Oligonucleotides used as the capture oligonucleotides can be chemically synthesized by a usual solid-phase 
synthesis method. The aforementioned capture oligonucleotides are immobilized on a substrate At least one pair of 
capture oligonucleotides corresponding to one target sequence (T-specific oligonucleotide and C-specific oligonucle- 
otide) are immobil.zed, and two or more of capture oligonucleotide pairs corresponding to two or more target sequences 
may be immobilized on a substrate. 

[0028] Each oligonucleotide is preferably immobilized at a 5' end portion or 3' end portion on a base material The 
base material used for the present invention is not particularly limited so long as it can immobilize oligonucleotides by 
physical adsorption or chemical bonding and bear usual hybridization conditions. Specifically, there can be mentioned 
those insoluble m solvents used for immobilization and hybridization of oligonucleotides etc. and being in the form of 
solid or gel at an ordinary temperature or within a temperature range around it (e.g.. 0°C to 100°C) The expression 
that "a base material is insoluble in a solvent" means that, after a substance having a property of bonding to oligonu- 
cleotides such as carbodiimide group is carried on the base material and oligonucleotides are immobilized on the base 
material as described later the base material is substantially insoluble in various solvents including aqueous solvents 
and organic solvents used in various process steps when it is used as. lor example. DNA chip 
[0029] Specific examples of the material of such a base material include plastics, inorganic polymers, metals natural 
polymers, ceramics and so forth. 

[0030] Specific examples of the plastics include polyethylene., polystyrene, polycarbonate, polypropylene polyamide 
phenol resin, epoxy resin, polycarbodiimide resin, polyvinyl chloride, polyvinylidene fluoride, polyethylene fluoride 
polyimide, acrylic resin and so forth. 
[0031] Specific examples of the inorganic polymers include glass, quartz crystal, carbon, silica gel, graphite and so 

[0032] Specific examples of the metals include gold, platinum, silver, copper, iron, aluminum, magnet paramaqnet 
25 apatite and so forth. s 

[0033] Examples of the natural polymers include polyamino acids, cellulose, chitin. chitosan. alginic acid and deriv- 
atives thereof. 

[0034] Specific examples of the ceramics include alumina, silica, silicon carbide, silicon nitride, boron carbide and 
so forth. 

[0035] Examples of shape of the aforementioned base materials include, for example, film, plate, particle molded 
parts (bead, strip, well of multi-well plate, strip, tube, mesh, continuous foam, membrane, paper, needle fiber plate 
slide, cell culture vessel etc.), latex and so forth. Sizes of these are not particularly limited 

[0036] When oligonucleotides are immobilized on the base material, the oligonucleotides may be immobilized directly 
on the base material, or a carrier may be carried on the base material and the oligonucleotides may be immobilized 
on the base material via the carrier. The base material itself may have a property of bonding to the oligonucleotides 
or it may be one that can immobilize the oligonucleotides via a ligand having a property of bonding to oligonucleotides 
The term ■carry" used herein means that the oligonucleotides do not substantially dissociate from the base material in 
various solvents including aqueous solvents and organic solvents used when the oligonucleotides are immobilized on 
the base material, the oligonucleotide-immobilized base material is used as a DNA chip and so forth 
[0037] The carrier used for the present invention may be carried by utilizing only physical adhesion or it may be 
chemically earned via a covalent bond or the like so long as it is carried on the aforementioned base material Further 
the carrier may be carried on the entire surface of the base material or a part thereof, as required 
[0038] Examples of the carrier include low molecular weight organic molecules, plastics, inorganic polymers metals 
natural polymers, ceramics and so forth. 

[0039] Specific examples of the low molecular weight organic molecules include carbodiimide group-containing com- 
pounds, isocyanate group-containing compounds, nitrogen yperite group-containing compounds, aldehyde group-con- 
taining compounds, amino group-containing compounds and so forth. 

[0040] Specificexamplesoftheplasticsincludepolyethylene,polystyrene,polycarbonate.polypropylen e polyamide 
phenol resin, epoxy res.n, polycarbodiimide resin, polyvinyl chloride, polyvinylidene fluoride, polyethylene fluoride 
50 polyimide, acrylic resin and so forth. 

[0041] Specific examples of the inorganic polymers include glass, quartz crystal, carbon, silica gel, graphite and so 

[0042] Specific examples of the metals include gold, platinum, silver, copper, iron, aluminum, magnet, paramaqnet 
apatite and so forth. . ' 3 

55 [0043] Examples of the natural polymers include polyamino acids, cellulose, chitin, chitosan, alginic acid and deriv- 
atives thereof. 

[0044] Specific examples of the ceramics include alumina, silica, silicon carbide, silicon nitride, boron carbide and 
so forth. 
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[0045] Such a carrier has a highly adhesive property to the aforementioned base material and it is adhered •„ t ho 
base mat ena. by utilizing this adhesive property. A typica. shape of the carrier in the else where Ts carried on he 
base matena. by utihz.ng phystea. adhesion property is a coated film. As the method of providing the c rrier a^ coa ted 

b?st materillToT't!" ^ !° T"* * ^ carbodiimid * JWs carried on the whole surface of glass 
base matenaL a glass base material .s firs, immersed in a solution obtained by dissolving an amino-subs.ituted oraa 
for about^Vh ^JW^oxysilane in a suitab.e solvent under a temperature conditLn o 70 ,o ITc 

ZSl h , ? ' " ma,eria ' iS ,aken ° U, < and after ,he so,ution is ««shed out the base maSJal fs 

dned by heatmg under a temperature condition of 100 to 120°C for about 4 to 5 hours After the : d™fno t h htf 

TJlZT* imm r d in, ° an appropria,e solvem - and ,he so,vent can be •^h^JSSS.Sn'S 

s^redforwash.ngunderatemperature condition of 30to170°C for about 12hours. Further.it is also poSleTo altow 
2LTZr h °H ,he 3 - amin °P ro Py»"^o^i'ane and a functional group o, nitrogen yp^J^S^^Z 

Kd J^E?" °' ' UnC,i ° nal 9r ° UPS ° m ° SUrfaCeS ° f Such materiais as des ™ b ed above has conven.ion- 
a fy and generally been used, and methods therefor are known. Therefore, as also for cases where functional arouDs 
o, er than ammo group are allowed to exist on a glass base materia, or the base materia, consists o IterLfZ 

urther .ntroduced with functional groups and used for the production of the base material * 

J h ThC rt Capt ^ °^^Mos are immobilized on such a base material as described above at a 5" end portion 
or 3 end portion. The method for immobilizing oligonucleotides can suitably determined according to types of base 
material, funct.ona, groups on the surface of the base material, ligand and so forth 

S ? 6 CaP H U t rS ° li90nUC,eo,ides ^ be with a homopolymer consisting of three or more nucleotides on 

the side of an end to be .mmobi.ized on the base materia.. When a base materia, having camodiimide group on ,he 
surface ,s used.. ,n part.cu.ar, the oligonucleotides having such a homopolymer are firm.y immobil^on 'he ^ 

Fo 0 r 5 c 1 xLn,p n r n ^ ** °" ™ Xh0d °' b ° ndinS SUCh 3 ^opo^er to ends of the oligonucleotides 

For example, there can be specially mentioned a method of synthesizing an oligonucleotide so that Zee or more 
nucleotides should be polymerized as an integral part of the oligonucleotide by using a JZ^^SL n^ 
acd syn.hes.zer. There can also mentioned a method of binding a homopolymer to an o.igonuc leoSe tfusina a 
chermca. or enzymatic technique and so forth. The nuc.eobases constituting the homopolymer are S Sed I from ad 

[0052] The homopolymer preferably has a length of 3 to 100 nucleotides, more preferably 5 to 50 nucleotides oar 
hcular y preferabfy 10 ,o 40 nucleotides. If the number of nucleotide is 2 or less, a suffidenfamount Tnuctj acd 

,f ,he number of nucieotides is 1 01 - — *- - 

[0054] Further, the 5" end of the nucleotide may be immobilized via an amino linker 

0055] The oligonucleotides are preferably immobilized in dot-like areas. To immobilize in dot-like areas means that 
the areas on wh.ch the oligonucleotides are immobilized have a size suffciently smaller than the sTze oTthe base 
A.fhouah' n h 'fTZ " ^ " oli 90-c.eo,ide-immobi,i,ed sites can be proved on the base male f 
Although shape of he dots ,s not particularly limited, it ,s generally preferabty a circular shape The Z U S 

srs dna s:; n ,he base - - 

[0056] Specially, the oligonucleotides are usually provided, for example, so as to be contained in water or a buffer 
and It V ' t,CS r ,h r f 0li 9° nuC,eotides <° b * snould be maintained during ^^ZJ^SSS 

t^r^ 

ESI ir " m ° biliZati0n alS ° be attained by irradia,ion of electromagnetic waves such as UV rays after the 
"" I 0 ' h , 6 h nucl ^ 0,ldes and «» *»• materia,. Further, the immobilization can also be attained by comae. ing 
and T r M 6 0l,90 h nUC ' e0t,deS 3 kn ° Wn C ° mp0Und SUCh as c-bodiimide resin, nitrogen yperite polyamtno acids 
and mtrocelluiose, wh.ch are chemicalfy bonded or physically associated, with the base materia' Even in suTa ca j 
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• the immobilization can also be attained by irradiation of electromagnetic waves such as UV rays. 
[0058] In the present invention., means for providing oligonucleotides, usually in the form of water or buffer containing 
the oligonucleotides, in dot-like areas on the base material includes a method of utilizing a dispenser, method of utilizing 
a pin. method of utilizing bubble jet and so forth. However the present invention is not limited to these! Such apparatuses 
for providing solutions in small amounts are commercially available, and they can be used for the present invention 
[0059] The capture oligonucleotide-immobilized base material is preferably brought into contact with an excessive 
amount of bovine serum albumin (BSA), casein., salmon sperm DNA or the like to block unreacted portions after the 
capture oligonucleotides are immobilized on the base material in dot-like areas as described above in order to prevent 
non-specific binding of sample DNA. 

[0060] In the present invention the sample or amplification product thereof is hybridized with the capture oligonu- 
cleotides by using the aforementioned capture oligonucleotide-immobilized substrate. 

[0061] The sample DNA is not particularly limited so long as it contains CpN dinucleotides and presence of methyl- 
ation of C is expected for it, and DNA of various organisms may be used depending on the purpose. The sample DNA 
is prepared from microbial cell, various tissues of animals or plants. The sample DNA can be prepared in the same 
manner as usual preparation of DNA from cells. Further although DNA prepared from cells can also be used as it is 
as the sample DNA, DNA of which target sequence or a region including the target sequence is amplified bv PCR 
method or the like may also be used. 

[0062] In the conventional methylation-specific PCR, at least three kinds of primers are required for one CpN. How- 
ever, according to the present invention, a region containing multiple CpN's can be amplified with two kinds of primers 
Further, in the methylation-specific PCR, a primer is designed so that its 3' end should correspond to cytosine of CpN 
Therefore, when many CpN sequences exist as in CpG island, methylation of CpN can be detected only for a relatively 
narrow region. On the other hand, according to the present invention, a primer may be designed so that C of CpN 
should not correspond to the 3' end, and thus PCR amplification is possible irrespective of methylation of C in CpN 
[0063J As for the sample DNA or its amplification product, C's not methylated arc converted into uracils by dcami- 
nation prior to the hybridization. This deamination of non-methylated C's can be performed by treating the sample DNA 
with bisulfite such as sodium bisulfite. Specifically, a solution containing the sample DNA is added with sodium bisulfite 
( P H 5) at a concentration of 2.5 M to 3.0 M and heated at 50*C for 16 hours (J.G. Herman et aL Proc. Natl Acad Sci 
USA, 93, 9821-9826, 1996). After the reaction with heating, the sample DNA is adsorbed on a silica-based filter for 
purification to remove the sodium bisulfite. After the removal, the sample DNA is collected from the silica-based filter 
and concentrated by ethanol precipitation or the like. 

[0064] Although specific procedure of the hybridization is not particularly limited, it can be performed by, for example 
immersing a substrate on which the capture oligonucleotides are immobilized in a solution containing the sample DNA 
or spotting a solution containing the sample DNA onto areas where the capture oligonucleotides are immobilized 
Further, areas where the capture oligonucleotides are immobilized may be covered with frames so that the frames 
should include the areas, and a solution containing the sample DNA may be poured into the frames. 
[0065] The solution is not particularly limited so long as it allows hybridization of DNA. and various buffers can be 
used for it. For example, Tris-HCI having pH of about 6.5 to 8 can be mentioned. Usually, the solution is heated to a 
temperature at which base pairs formed in molecules of DNA or oligonucleotides dissociate eg 90 to 100°C and 
then adjusted to a temperature at which the capture oligonucleotides and a target sequence in the sample nucleic acid 
anneal. Specifically, this temperature is preferably 5 to 80*C in general, although it depends on length of the capture 
oligonucleotides. r 
[0066] Although the method for detecting the hybridization is not particularly limited, it can be detected by for exam- 
ple, labeling the sample nucleic acid with a labeling substance beforehand and detecting the label after the hybridization 
and washing of the substrate. Although the labeling substance is not particularly limited, examples thereof include 
substances usually used for detection of hybridization, for example, radioisotopes, fluorescent dyes biotin haptens 
antigens and so forth. When biotin is used as a labeling substance, for example, a conjugate of a protein specifically 
binding to biotin (avidin or streptoavidin) and an enzyme chemically bonded to biotin can be bound after the hybridization 
operation, and a reaction can be performed by adding a compound that is degraded with the enzyme to form a dye 
that can deposit to readily detect presence or absence and location of hybridization. 

Examples 

[0067] Hereafter, the present invention will be explained more specifically with reference to the following example 
In the following example, investigation was performed for explaining the present invention by using a sequence of 
human N F-IL6 gene (GenBank Accession : AF350408) as a model system. However, application of the present invention 
is not limited only to this gene. 
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<1> Synthesis of oligonucleotides 



dried o.,gon U c.eo«ide S were d« ^^SSta^^™^ "l 3 C ° nVen,i0na ' ^ ^ 
cleotide solutions. Sequences of the svnthesX S , 5 *J ™ ^ '° prepare 1 00 pmol/ " L 0,i 9°™- 

synthesized ol.gonucleottdes are shown as SEQ ID NOS: 1 -4 in Sequence Listing. 

SEQ id NO: 1 5'-cctaaaccc gattatttat-3 ' 

SEQ id NO: 2 5 ' -cctaaaccc aattatttat -3 ' 

SEQ ID NO: 3 5 ' -ctctaactcg ctaaaattt-3 ' 

SEQ id no: 4 5 ■ -ctctaactca ctaaaattt-3' 

<2> Spotting of o.igonuc.eo.ide on substrate (case of using o.igonuc.eotide having an amino group a, 5' end) 

SOanized s.ide g.ass ^^Z^Tuh T °" ' P ' a,e (Greiner Laborator V > 

and the spotting" machine wasTpe^d Mer^™^ °" f/^™^ ^ °" 3 maChine 
ho. waterforseveralseconds Then the, hh-i^ ! SPO, " n9 ' th6 S ' ide 9 ' ass was ex P° sed t0 *eam from 

to steamfor several^ 

wi.h 0.1% ^*s^s^!ns,^r a p ' ate :° remove moisture - The s,ide aiass 

in 1 00 mM Tris-HC. (pH 7 5) 1 00 3 ^ NacTo »/ Til X i nn 7 d,S, " le<J The S ' ide 9 ' aSS Was immersed 
temperature for 30 minutes for b.ocTinq Thin tnei n£ T I?'" 9 3 % BSA (t> ° Vine SerUm a,bumin > at 
Tris-HC. ( P H 7 5) 1 mM EDTA buffer Thp ^iiri , 9 I * r °° m tem e eratur * and washed with 1 0 mM 

place in a dried state until use ^ W3S ""^ again 3t r °° m «-"P««*™ and stored in a cold dark 

<3> Spotting of o.igonuc.eotide on substrate (case of using oligonucleotide having OH group at 5' end) 

Ltd.). Slide g.ass having carbodiim id groups was d.solei a °" * P ' a,e (Greiner Laboral °<y 

the spotting machine was operated ^^SSS^^T'T P ° Si,i ° n 0 " " SP ° tting maChine ' and 

(PH 7.5), 1 00 mM NaCI, 0.1 % Trito Tx 00 comaiZ W 8 » ** 1 °° mM TrisHCI 

m,nutes for b.ock.ng. Then, the slide Jass was dS * ^ abUmin) 3t r °° m tem P<*ature for 30 

1 mM EDTA buffer. The s. ide g as w2 dne^aqaln a room EST ""T^ 1 ° mM TriS - HCI < pH 7 ^ 
state until use. a ° m iem P eratur e and stored in a cold dark place in a dried 



<4> Preparation of nucleic acid probe 



S£2£i£E5£2^ ■»-— « s .„ syn . 
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Furthermore, after the synthesis, biotin was introduced into the 5' end of the oligonucleotides in a conventional manner. 
SEQ TD NO: 5 

5 

S'-ccctt ataaataacc gggctcagga gaaactttag cgagtcagag-3 ' 
10 SEQ ID NO: 6 

5*-uuutt ataaataaUU gggUtUagga gaaautttag UgagtUagag-3 ' 



15 



20 



25 



30 in 
in 



SEQ ID NO: 7 

5'-UUUtt ataaataaUc gggUtUagga gaaautttag cgagtUagag-3 ' 

<5> Hybridization 

[0073] Each of the nucleic acid probes of SEQ ID NOS: 5-7 prepared in the above aforementioned <4> was taken 
in a volume of 5 uX (1 pmol) : placed in a 1.5 mL-volumc tubc ; added with 20 uL of UniHyb Hybridization solution 
(Telechem Internationa! Inc.) and mixed to prepare a hybridization solution. This solution was treated by heating at 
70°C for 5 minutes and placed on ice for 5 minutes. This nucleic acid probe in a volume of 1 0 uL was placed on each 
of the substrates on which the oligonucleotides were spotted prepared in the above <2> and <3> and cover glass was 
placed on them. 

[0074] The substrate was put into Hybridization Cassette (Telechem International Inc.), immersed into water at 42°C 
in a tank and left for 1 hour under light shielding. The substrate was taken out from Hybridization Cassette and immersed 
2 x SSC (0.75 M NaCI, 0.075 M sodium citrate) at room temperature to remove the cover glass. An operation of 
immersing the substrate in 0.3 x SSC at 45°C for 5 minutes was performed twice. The substrate was finally transferred 
into a solution of 2 x SSC. 

35 <6> Chemical coloration reaction 

[0075] The substrate was taken out from a vessel, moisture on the area in which the oligonucleotides were not 
immobilized was wiped off with paper towel., and 200 uL of Block Ace solution (Dainippon Pharmaceutical Co., Ltd ) 
was placed on the oligonucleotide-immobilized area. After the substrate was left at room temperature for 30 minutes, 
the solution was sucked up with a dispenser and 200 \\L of a solution obtained by adding one drop each of avidin DH 
and biotinylated peroxidase (Vector Laboratories, Inc.) to 5 mL of TBST solution (50 mM Tris-HCI (pH 7.5), 0.15 M 
NaCI. 0.05% Tween 20) and mixing them was placed on the oligonucleotide-immobilized area of the substrate and left 
at room temperature for 30 minutes. The solution was sucked up with a dispenser, and the substrate was transferred 
to a vessel containing TBST solution and washed at room temperature for 5 minutes with shaking. The solution was 
once discarded, and fresh TBST solution was added to the vessel to wash the substrate at room temperature for 5 
minutes with shaking. The substrate was taken out from the vessel, and moisture on the area in which the oligonucle- 
otides were not immobilized was wiped off with paper towel. On the oligonucleotide-immobilized area.. 200 uL of TMB 
(Vector Laboratories, Inc.) was placed, and a reaction was allowed at room temperature for 20 minutes. Then, the 
substrate was washed with deionized water to terminate the enzymatic reaction. 



40 



45 



50 



55 



<7> Detection of chemical coloration 



[0076] The coloring image on the substrate were captured and stored as a TIFF image in a computer by using an 
OA scanner (NEC Multireader 600SR) and Photoshop Ver. 5.0 (Adobe Systems). The result is shown in Fig. 2. In this 
image, pigmentation formed by chemical coloration, if present, indicated that the oligonucleotide immobilized on the 
substrate (capture oligonucleotide) and the nucleic acid probe were fully complementary to each other and thus a 
duplex was formed. 



9 



EP 1 312 685 A2 

Sequence Listing 

<H0> Nisshinbo Industries, Inc. 

<120> 01 igonucleot ide-Imraobi I ized Substrate for 
Detecting Methylalion 

<I30> OP 1 390 

<H0> 

<14!> 2002-M- 

<150> JP 2001-351 938 
<I5l> 200I-I I-T6 

<I60> 7 

<I70> Patentln version 3.0 

<2ll)> ! 
<2II> 19 

<2l2> DNA 

<2l3> Artificial/Unknown 

<220> 

<22!> misc_fealure 

<222> ()..() 

<223> Description of Artificial Sequence: capture 
oligonucleotide 

<400> l 

cctaaaccc gattatttat 

<2l0> 2 

<2ll> 19 

<212> DNA 

<213> Artificial/Unknown 
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<220> 

<22 I > misc_feature 
<222> ()..() 

<223> Dcscriplion of Artificial Sequence: capture 
oligonucleotide 

<400> 2 

cctaaaccca attal t tal 

<2l0> 3 

<211> 19 

<2I2> DNA 

<2I3> Artificial/Unknown 
<220> 

<22I> raisc_fealure 

<222> ()..() 

<223> Description of Artificial Sequence: capture 
oi igonucleotide 

<400> 3 

ctctaactcg claaaallt 

<210> 4 

<2ll> 19 

<2I2> DNA 

<2I3> Artificial/Unknown 
<220> 

<22l> raisc_feature 

<222> 0..0 

<223> Description of Artificial Sequence: capture 
oligonucleotide 

<400> 4 

ctctaactca claaaattt 

<2I0> 5 

<211> 45 

<212> DNA 

<213> Artificial/Unknown 
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10 



20 



30 



40 



45 



SO 



55 



<220> 

<22l> inisc_fealure 
<222> ()..() 

<223> Description of Artificial Sequence: probe 
oligonucleotide 

<40O> 5 

cccttataaa taaccgggcl caggagaaac tttagcgagt cagag 



'5 <2i0> 6 

<2I1> 45 



<2I2> DNA 

<2I3> Artificial/Unknown 



<220> 

<22l> misc_feature 
25 <222> ()..() 

<223> Description of Artificial Sequence: probe 
oligonucleotide 



<400> 6 

uuuttalaaa laauugggut uaggagaaau tttagugagt uagag 



35 <210> 7 

<211> 45 



<212> DNA 

<2I3> Artificial/Unknown 
<220> 

<22t> misc_fea(ure 

<222> O..0 

<223> Description of Artificial Sequence: probe 
ol igonucleot ide 

<400> 7 

uuutlataaa (aauegggut uaggagaaau tttagcgagt uagag 



Claims 



45 



45 



45 



1. Ano1 *— 



in a sample 
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DNA, on which multiple kinds of capture oligonucleotides are immobilized, wherein 

the sample DNA contains a target sequence containing a dinucleotide consisting of C that can be methylated 
and a nucleotide on the 3' side of the C (henceforth referred to as "CpN dinucleotide"), 

the capture oligonucleotides include at least an oligonucleotide having a nucleotide sequence complimentary 
to or identical to a nucleotide sequence corresponding to the target sequence in which C's other than C in the CpN 
dinucleotide are replaced with T's and an oligonucleotide having a nucleotide sequence complimentary to or iden- 
tical to a nucleotide sequence corresponding to the target sequence in which all of C's are replaced with T's, and 

the presence or absence of methylation is detected based on hybridization of the sample DNA in which non- 
methylated C's have been converted into U's by deamination or an amplification product thereof and the capture 
oligonucleotides. 

2. The oligonucleotide-immobilized substrate according to claim 1 , wherein the nucleotide on the 3' side of the C is 
A, G orT. 

3. The oligonucleotide-immobilized substrate according to claim 2, wherein the nucleotide on the 3' side of the C is G. 

4. The oligonucleotide-immobilized substrate according to any one of claims 1 -3, wherein the capture oligonucleotides 
are immobilized via carbodiimide groups. 

5. The oligonucleotide-immobilized substrate according to any one of claims 1 -4, wherein the capture oligon ucleotides 
are immobilized as dots on a base material, and each dot has an occupied area of 0.1 cm 2 or less. 

6. The oligonucleotide-immobilized substrate according to any one of claims 1 -5 ; wherein the capture oligonucleotides 
arc oligonucleotides of 30-mer or less. 

7. The oligonucleotide-immobilized substrate according to any one of claims 1 -6, wherein the sample DNA contains 
multiple target sequences, and capture oligonucleotides corresponding to each of the target sequences were im- 
mobilized. 

8. A method for detecting presence or absence of methylation of C in a sample DNA containing a target sequence 
containing a CpN dinucleotide, wherein 

multiple kinds of capture oligonucleotides immobilized on a base material and including at least an oligonu- 
cleotide having a nucleotide sequence complimentary to or identical to a nucleotide sequence corresponding to 
the target sequence in which C's other than C in the CpN dinucleotide are replaced with T's and an oligonucleotide 
having a nucleotide sequence complimentary to or identical to a nucleotide sequence corresponding to the target 
sequence in which all of C's are replaced with T's are hybridized with the sample DNA in which non-methylated 
C's have been converted into U's by deamination or an amplification product thereof, and 

the presence or absence of methylation is detected based on the result of the hybridization. 

. The method according to Claim 8, wherein the non-methylated C's have been deaminated by treatment with sodium 
bisulfite. 
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SEQ ID NO: 1 
SEQ ID NO: 2 
SEQ ID NO: 3 
SEQ ID NO: 4 

SEQ ID NO: 5 5'-ccctt 
SEQ ID NO: 6 5' -UUUtt 
SEQ ID NO: 7 5' -UUUtt 



ataaataatc gggtttagg 
ataaataatt gggtttagg 



ataaataacc gggctcagga 
ataaataaUU gggUtUagga 
ataaataaUc gggUtUagga 



aaattttag cgagttagag 
aaattttag tgagttagag 

gaaactttag cgagtcagag-3' 
gaaaUtttag UgagtUagag-3' 
gaaaUtttag cgagtUagag-3' 
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